Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by progressive muscular paralysis reflecting degeneration of motor neurons. In recent years, in addition to several studies about genetic mechanisms leading to motor neurons damage, various epigenetic theories have been developed, involving the study of the patients' work and lifestyle. The work aims at focusing the role of occupational exposure related to ALS by literature data analysis. Articles, selected on the basis of keywords, year of publication and topics, are related to occupational exposure, suggesting an impact on ALS onset. The literature review shows that there are still a lot of biases in the studies design, which actually do not allow to draw unequivocal conclusions.
INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a rare and severe human motor system disease due to motor neurons degeneration. The ALS definition's criteria were established by El Escorial in 1998 and recently revised by the Awaji Commission proposing a modification of the electrodiagnostic criteria for ALS [1] . A pathophysiological hypothesis elaborated to explain neurodegeneration that leads to the ALS is not yet fully defined: recent research has focused on genetic and epigenetic alterations associated with environmental and occupational factors. In a small percentage of patients (6-10%) ALS is a familial form, transmitted as an autosomal recessive or dominant form [2] . In 25% of these patients there is a detectable point mutation of the gene coding for superoxide dismutase (SOD) 1, located on chromosome 21 [3, 4] . Growing scientific evidence has supported the new hypothesis of ALS as a multisystem disease that affects executive and behavioral functions, language and other various cognitive domains, functionally associated with temporal and frontal lobes [5] . Amyotrophic lateral sclerosis has a poor prognosis, with the incidence rate of 0.4-2.5 cases per 100 000 people per year, and a mortality rate of 0.8-2.1 cases per Subsequently, the authors made a selection of the collected articles by outlining selection/exclusion criteria. The used selection criteria were: range of years 1991-2014; databases such as Pubmed/Medline and the Cochrane Database of Systematic Reviews. In order to identify efficient search strategies regarding occupational health research, the search for relevant articles was performed using the following keywords "ALS/occupational exposure," "ALS/occupational disease," "environmental/ ALS," "heavy metals/ALS" [13] . The following exclusion criteria were adopted: articles relating exclusively to environmental exposure, without any occupational exposure assessment; articles concerning occupational therapy. An important exclusion criterion during the manual selection of articles was also to select papers concerning very specific themes in relation to the hypothetical occupational exposure. Another scientific commitment made by the authors was to include the selected articles in specific areas, by article types, in order to configure the current areas of interest. The results are summarized in Table 1 . The work was based on a revision of the selected articles, highlighting the relationship between the risk agents, employment sectors and the onset of ALS.
RESULTS
Considering the inclusion criteria and research query, the total number of papers to be included in the study was about 200. However, this number was reduced to 80 according to the exclusion criteria. The authors analyzed the selected articles based on the above mentioned criteria (the detailed data and statements in this paragraph are shown in Table 2 ). The strong presence of articles that relate to the agricultural sector should be noted -those were mostly epidemiological studies. Other research works have focused on pesticides, in terms of toxicological effect. In the case of other occupational sectors (e.g., industrial sector) there were mainly epidemiological papers or meta-analyses. 100 000 people per year. It is a typical adulthood disease, with the apparent increased incidence among those in a more advanced age [6] . In the epidemiological works, analyses show a considerable range of variation in the incidence rate, which can be largely explained by different methods used for identification of cases and the size of the used sample [7] . The prevalence of ALS is approximately 6-8 cases per 100 000 inhabitants, or about 4500 people living with ALS in Italy. The average onset age is about 65 years, with a peak incidence between 64 and 75 years in both sexes. Relatively frequent cases with the early age of onset (< 40 years) have a more benign clinical course than the classic onset in adulthood [8] . The increase of ALS diagnoses can be probably attributed both to an improvement in the accuracy of death certificates and understanding of the pathophysiological mechanisms related to risk factors, including, occupational and environmental exposures (such as electromagnetic fields exposure, polychlorinated biphenyls, metals and pesticides, smoking, head trauma and professions that require heavy physical exertion) [8, 9] . In particular, in the recent years the study of the role of occupational factors in the context of the onset of ALS has acquired increasing interest. Even considering "unconventional" risk factors, such as, e.g., ultrafine particles associated with the genesis of accumulation and likely to damage neuronal cells [10, 11] or some metals that could be involved in the mechanisms of neuronal injury (such as aluminium) [12] .
MATERIAL AND METHODS
The literature review has been divided into 2 phases. The 1st phase was carried out through collection of articles related to the topic under the study, in terms of the pathophysiology of ALS and epidemiological data, focusing on environmental/occupational exposure to neurodegenerative risk factors, with particular tropism for motor neurons. the pathophysiological mechanisms that underlie motor neuron degeneration. Other works related to metals have also been included, nevertheless we have to clarify that those were only few occupational medicine studies, most of them aiming at construction of experimental models useful in understanding the mechanisms of neuronal injury.
DISCUSSION
From the late 1980s to the present, knowledge about pathophysiological mechanisms of neurodegenerative diseases have led to the development of epigenetic hypothesis about the onset and progression of motor neuron degeneration. Since then, international scientific literature has developed, especially studies regarding epidemiological Some evidence suggests a possible association between a neuro-disease and specific work activities. Workers involved in the production of power plants, athletes, military workers, those exposed to electromagnetic fields and those involved in the production of nickel cadmium batteries appear to be at an increased risk of ALS onset. It has also been observed that attention of the international scientific community in the field of occupational exposure to metals is also increasing. Recently there have been many studies concerning heavy metals and other chemicals that may be involved in the onset of the disease. Lead is one of the metals the neurotoxic potential of which is best known, as it has been widely studied for years. These studies have allowed to correlate exposure to this metal to ALS cases and also to hypothesize the possible correlation between pathology onset in professional football players. From those studies, a new hypothesis emerged, proposing an explanation of the excess mortality for ALS among football players, in the case of who the following risk factors occur: trauma or microtrauma specific vigorous physical activity; the use of toxic or abuse of illegal drugs (most often anti-inflammatory drugs) and dietary supplements and, finally, pesticides exposure used on the fields of play [53] [54] [55] [56] [57] [58] [59] . Other papers have suggested that hypoxia related to aerobic exercise and anaerobic high-grade (such as that seen in professional athletes) could have a link to ALS development in susceptible individuals [41, 60] . Recent work also shows an increased ALS risk in relation to higher levels of amateur physical activity. In this study, the lack of association between occupational physical activity and the absence of a dose-response relationship supports the hypothesis that increasing ALS susceptibility is not increased exclusively by physical activity but rather also by genetic profile or life habits [61] . Exposure to electromagnetic fields has been studied in epidemiological [62] [63] [64] [65] [66] , observational [67] and laboratory works [68] . A recent meta-analysis suggests a slightly but significantly increased risk of ALS among workers exposed to an extremely low frequency electromagnetic field (ELF-EMF), but does not deny the possibility of bias in the data analysis [69] . However, in the case of electromagnetic fields, there are many problems: at present, no apparent correlation between the exposure assessment and the observed associations is possible. In order to better assess exogenous risk factors of ALS, a job exposure matrix (JEM) may have to be used, with a detailed exposure index to electric fields and magnetic fields [70] . Metals have been studied for a long time in order to understand pathogenic mechanisms underlying development of neurodegenerative disease better, and to date there are prospects of study for this topic [71] . As for cadmium, apart from recent evidence of a high metal concentration in the cerebrospinal fluid of ALS patients [85] , there are some works focusing on occupational exposures in certain employment sectors, such as production of nickel-cadmium batteries [86, 87] . Some evidence in experimental models concerning neurotoxicity of other metals such as zinc and copper [88, 89] is also present in scientific literature, but there is no strong evidence concerning relationship with ALS. Little evidence about occupational exposure to aluminum and the onset of neurological disorders compatible with degenerative motor neuron disease is present in scientific literature: Sińczuk-Walczak [90] has examined aluminium effects on the functions of the nervous system in people occupationally exposed to dust and fumes containing this metal. The author has mostly found neuro-behavioral and bioelectric cerebral disorders, and less frequently neurological symptoms correlated with a motor neuron disease. In Table 3 the authors summarized the most important evidence in the literature, selecting only the most recent observations (including range period 2011-2014) from the exposed workers. In conclusion, the data in Table 3 are intended to outline the state of ALS and occupational medicine, outlining the areas of research and observations that may be starting points for the development of future issues.
CONCLUSIONS

Etiology of ALS, as well as the onset mechanisms
are not yet fully understood. However, recent evidence increasingly shows a strong correlation between ALS and occupational and environmental hazards, including exposure to various xenobiotics, such as heavy metals and solvents. This revision focused on occupational exposure studies, in order to outline the most current research themes and the most recent evidence regarding ALS onset and working activities (Table 3 ). The recent discovery that genetic there is still no consensus about the unique involvement of metals in the etiology of ALS . New research projects will be needed for various purposes, i.e., a better setting of therapeutic protocols, prevention programs promotion and improvement of patients' quality of life [72] . Some studies published in 2014 are investigating the role of environmental/occupational exposure in progression of neurodegenerative diseases in the context of prenatal and postnatal life, explaining how molecular mechanisms that mediate epigenetic changes can lead to neurological disorders [73] . Association between ALS and occupational exposure to lead (Pb) has been studied for a long time: an important work has been carried out by Gresham et al. [74] , and then it has been later followed by other epidemiological works [75] . In addition, there are case reports that evaluate the onset of ALS associated with a specific work activity characterized by Pb exposure [76] . Scientific evidence has shown metals presence in the cerebrospinal fluid, suggesting fascinating perspectives for future research. In particular, Hozumi et al. have described different patterns of metals concentrations specific for different types of neurodegenerative diseases [77] . Some metals investigated as implicated in ALS are correlated to the mercury (Hg) and cadmium. Mercury may be implicated as a risk factor for development of the pathology [78] . Clinical ALS symptoms in patients accidentally exposed to Hg [79] have been observed in a work published by Schwarz et al. [79] . Some hypotheses have suggested that chronic respiratory exposure, in a low dose, to certain metals, such as Hg, might contribute to neurodegenerative diseases genesis, including motor neuron disease [80] . Several laboratory [81] , epidemiological studies [82] , and case reports [83] have confirmed the possible implication of Hg. Observing the conflicting evidence in the literature regarding the role of Hg in the etiology of ALS, is hoped to bring about a greater interest in this topic [84] . [78] review some evidence leads to the hypothesis that an interaction between heavy metal exposure and an individual's genetic makeup is required to produce epigenetic changes that ultimately lead to ALS DDT -dichlorodiphenyltrichloroethane; ELF-EMF -extremely low-frequency electromagnetic field; MET -metabolic equivalent. role in the gene expression control, may be involved in the complexity of the disease in its phenotypes and progression [91] [92] [93] . The review shows that although a number of scientific data in the evaluation of non-genetic causes of ALS onset has increased, yet well-documented works concerning the study of work activities, and the inferences that would confirm the possible connection between occupational exposure to risk factors and the onset of ALS, are still lacking. New research projects would be needed for various purposes, i.e., for better setting of therapeutic protocols for the promotion of prevention programs and for improvement of the quality of life of such patients [71] . 
